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CLAIMS 



1 1. ^ A method of acquiring seismic data adapted for a land or transition zone 

2 ^environment, said method comprising the steps of: 

3 pla&n^a location identifier in a particular location; 

4 placing a^eismic sensor near said location identifier; 

5 reading said location identifier using a seismic data cable; 

6 recording seismic data^acquired by said seismic sensor using said cable; 

7 and assigning sensor position coordinates to said seismic data based on 

8 measured position coordinates of said location identifier. 

1 2. A mtetljod^as claimed in claim 1 , fiirther including the step of developing 

2 a planned selsnyc sensor lay-out scheme containing planned seismic 

3 station locations^s^aSctcation identifier being placed near one of said 

4 planned seismic locations. 

1 3. A melhodasclaimed in claim 2, in which said seismic data acquired by 

2 said seismic sensQris recorded and said location identifier is read using a 

3 common cable take-om'on said seismic data cable. 

1 4. A metho^as^glaimed in claim 3, in which said seismic sensor is one of a 

2 plurality of seismic sfcnsors placed near said location identifier. 

1 5. A methodha^claimed in claim 4, in which said plurality of seismic 

2 sensors form a single geophone string. 

1 6. A method ^cl^imed in claim 5, in which said location identifier is read 

2 using electrical, optical, or magnetic means. 
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A method as^aimed in claim 6, in which said location identifier is 
remotely readabfesjsing a device attached to said seismic data cable near 
said location identifier. 

A method as clkmied in claim 7, in which said seismic data cable has a 
plurality of acquisition channels and said location identifier is used to 
determine whether a particular said acquisition channel has been skipped 
during seismic sensor deployment. 

A method as claimed in claim 8, in which said seismic data cable has a 
plurality of acquisitiorNtfiannels and said location identifier is used to 
determine whether a particular said acquisition channel has been skipped 
during seismic sensor deployment. 

A method as claimedJi^£^am which said location identifier has a 
tag value. 

A method as cl&qied in claim 10, further comprising the step of creating 
a look-up table matchm^measured location identifier position 
coordinates with tag values. 

A method as claimed in claim 11, in which said identifier comprises 
resistors and/or capsfeitors and said tag values comprise resistance and/or 
capacitance values. 

A method as clahqed in claim 12, in which said resistance and/or 
capacitance values ar&x^ad using conventional geophone impedance 
testing equipment. 
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1 14. A method as claime&jn claim 9, in which said location identifier 

2 position coordinates are^to^Twithin a memory incorporated within said 

3 location identifier. 

1 15. A method as claimed in claim 14, in which said location identifier 

2 position coordinates are measufrqd using land-based surveying 

3 equipment. 

1 16. A method as claimed claim 14, in which said location identifier 

2 position coordinates areih^asur^ using satellite-based global 

3 positioning system equipment. 

1 17. A method as claimed in claim\4, in which said location identifier 

2 position coordinates are stored wi&mi said memory by a satellite-based 

3 global positioning system unit attached to said location identifier. 

1 18. A method as claimed in claiin 1 7, in which said sensor position 

2 coordinates are calculated usingva measured distance between said 

3 location identifier and said seismic sensor. 

1 19. A method as claimed in clah^l 8, in which said distance between said 

2 location identifier and said seismic sensor is measured using acoustic 

\ 

3 transmission and reception equipmeotthat utilize an airborne acoustic 

4 signal. 

1 20. A method as claimed in claim 1 9^in which said sensor position 

2 coordinates are calculated using an acoustic triangulation scheme. 
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1 21 . An apparatus adapted for seismic data acquisition in a land or transition 

2 zone environment, said Apparatus comprising: 

3 a location identifier; \ 

4 a seismic sensor capable of being placed near said location identifier; 

5 a seismic data cable; 

6 means for reading said location identifier using said seismic sensor using 

7 said seismic data cable; and 

8 means for assigning sensor position coordinates to said seismic data 

9 based on measured position coordinates of said location identifier. 

1 22, An apparatus as claimed in cliim 21, in which said means for recording 

2 seismic data acquired by said seismic sensor and said means for reading 

3 said location identifier use a common cable take-out on said seismic data 

4 cable. 

1 23 . An apparatus as claimed tficlaim 22, in which said seismic sensor is one 

2 of a plurality of seismic senses capable of being placed near said 

3 location identifier. 

1 24. An apparatus as claimed in\laim 23, in which said plurality of seismic 

2 sensors form a single geophon^string. 

1 25. An apparatus as claimed in clah*i24, in which said means for reading 

2 said location identifier uses electricM, optical, or magnetic means. 

1 26. An apparatus as claimed in claim 2\in which said means for reading 

2 said location identifier includes a device^ttached to said seismic data 
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3 cable near said location i^ntifier that remotely reads said location 

4 identifier. ■» 

\ 

1 27. An apparatus as claimed in claita 26, in which said seismic data cable 

2 has a plurality of acqu^dtion chamifels and said means for reading said 

3 location identifier is usedNto determine whether a particular said 

4 acquisition channel has beeti^ipped during seismic sensor deployment. 

1 28. An apparatus as claimkj in claim 27, in which said location identifier has 

2 a tag value. 

1 29. An apparatus as claimed acclaim 28 further including a look-up table 

2 that matches measured locati6^i identifier position coordinates with tag 

3 values. 

1 30. An apparatus as claimed ifkclaim 29, in which said location identifier 

2 comprises resistors and/or caj^citors and said tag values comprise 

3 resistance and/or capacitance values. 

1 31. An apparatus as claimed iri^laim 30, in which said means for reading 

2 said location identifier comprises conventional geophone impedance 

3 testing equipment capable of reaciiiig said resistance and/or capacitance 

4 values. 

1 32. An apparatus as claimed in c^im 27, in which said location identifier 

2 further includes an integral memory. 
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1 33. An apparatus as claimed in claim 32, in which said location identifier 

2 position coordinates aj;e measured using land-based surveying 

3 equipment. V ^ N \ v ^ 

1 34. An apparatus as claimed in claim 32, in which said location identifier 

2 position coordinates\are measured using satellite-based global 

3 positioning system equi^jjient. 

1 35. An apparatus as claimed in claim 32, in which said location identifier 

2 further includes an attached satellite-based global positioning system unit 

3 that stores said location identifier position coordinates within said 

4 memory. 

1 36. An apparatus as claimed in claim 35, further including means for 

2 measuring the distance between said location identifier and said seismic 

3 sensor. 

1 37. An apparatus as claimed in claim 36, in which said means for measuring 

2 the distance between shid location identifier and said seismic sensor 

3 comprises acoustic transmission and reception equipment that utilize an 

4 airborne acoustic signal. 

1 38. An apparatus as claimed in claim 37, in which said means for measuring 

2 the distance between said location identifier and said seismic sensor uses 

3 an acoustic triangulation schemex. 

''v 
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1 39. An apparatus as claimedNto claim 38, in which said means for measuring 

2 the distance between said locktiiQn identifier and said seismic sensor 

3 includes an acoustic receiver connected to said seismic sensor. 

1 40. An apparatus as claimed msclaixn 39, in which said means for measuring 

2 the distance between said location identifier and said seismic sensor 

3 includes a pair of acoustic transmitters, at least one of which is attached 

4 to an acoustic receiver. 

1 jfi. £j An apparatus adapted for seismic data acquisition in a land or transition 

2 zone environment, said apparatus comprising: 

3 a positioning device; 

4 a seismic sensor, capable of being placed near said positioning device; 

5 and means for determining the distance between said seismic sensor and 

6 said positioning device using an airborne acoustic transmission between 

7 said positioning device and said seismic sensor. 

1 $-(?h) An apparatus as claimed in claim 41, in which said airborne acoustic 

2 transmission is produced by a speaker at said positioning device and 

3 received by a microphone at said seismic sensor. 

1 ^{^J An apparatus as claimed in claim 42, in which said airborne acoustic 

2 transmission received by said microphone at said seismic sensor is 

3 converted from analog to digital format using an analog to digital 

4 converter that is also used to convert seismic signals received by said 

5 seismic sensor from analog to digital format. 
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1 ^J^An apparatus as claimed in claim 43, in which said airborne acoustic 

2 transmission received by said microphone at said seismic sensor is 

3 transmitted using a cable that is also used to transmit seismic data 

4 received by said seismic sensor. 

1 ^(^?)An apparatus as claimed in claim 44, in which said airborne acoustic 

2 transmission is a spread spectrum acoustic signal. 

1 An sPV^vs claimed in claim 45, in which said airborne acoustic 

2 transmission is a pulse, frequency sweep, or digitally encoded sweep 

3 acoustic signal. 

1 4^ . f(p An apparatus as claimed in claim 44, in which said airborne acoustic 

2 transmission is generated by signal generation circuitry that is also used 

3 to test said seismic sensor, 

1 $(4) A* 1 apP 8 ™ 1118 as claimed in claim 47, further including a temperature 

2 sensor for measuring the temperature of the air near said seismic sensor 

3 or said positioning device. 

1 ^(^An apparatus as claimed in claim 48, further including a survey flag and 

2 wherein said positioning device is placed near said survey flag. 

1 An apparatus as claimed in claim 49, in which said positioning device is 

2 (j^j a first positioning device and further including a second positioning 

3 device and means for determining the distance between said second 

4 positioning device and said seismic sensor using an airborne acoustic 
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5 transmission between said second positioning device and said seismic 

6 sensor. 

1 An apparatus as claimed in claim 50, farther including means for 

2 determining the distance between said first positioning device and said 

3 second positioning device. 

1 ^p^iAn apparatus as claimed in claim 51 , in which said means for 

2 \L< determining the distance between said first positioning device and said 

3 second positioning device uses an airborne acoustic transmission 

4 between said first positioning device and said second positioning device. 

1 ^(^An apparatus as claimed in claim 52, in which said first positioning 

2 device and said second positioning device are connected by a cable. 

1 /( lft- Y^ 1 a PP aratus as cla i med ^ claim 53, in which said second positioning 

2 \Lr/device is placed at a predetermined azimuthal orientation with respect to 

3 said first positioning device. 

1 ^^J^jAn apparatus as claimed in claim 54, further including means for 

2 confirming that said second positioning device has been placed at a 

3 predetermined azimuthal orientation with respect to said first positioning 

4 device. 

1 ^ a PP aratus ^ d^ed in claim 55, in which a seismic source signal is 

2 used to determine to resolve the line symmetry ambiguity when 

3 determining the position of said seismic sensor with respect to said first 

4 positioning device and said second positioning device. 
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An apparatus as claimed in claim 56, wherein said seismic sensor is a 
first seismic sensor and further including additional seismic sensors and 
means for deterniining the distance between said additional seismic 
sensors and said positioning device using airborne acoustic transmission 
between said positioning device and said additional seismic sensors. 



1 W' A\ An apparatus as claimed in claim 57, further including means for 

2 \~S calculating a group center of gravity for said first seismic sensor and said 

3 additional seismic sensors. 

1 /(^\ aPP 313 * 1 ^ as claimed in claim 57, further including means for 

2 Vr" determining whether said first seismic sensor and said additional seismic 

3 sensors have been laid out in a prescribed order. 

1 ^/^^N ^ ^P 31 " 3 * 118 ^ c l a ^ me ^ m claim 59, in which said seismic sensor and 

2 ( said positioning device are located at a first seismic station and further 

3 including an additional positioning device located at a second seismic 

4 station and means for determining the distance between a device located 

5 at said first seismic station and a device located at said second seismic 

6 station. 

1 j>\s v A method of determining the position of a seismic sensor adapted for 

2 (c^) seismic data acquisition in a land or transition zone environment, said 

3 method comprising the steps of: 

4 placing a positioning device in a particular location; 

5 placing a seismic sensor near said positioning device; and 



1 ^. 
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6 determining the distance between said seismic sensor and said 

7 positioning device using an airborne acoustic transmission between said 

8 positioning device and said seismic sensor. 

1 ^d. A method as claimed in claim 61, in which said airborne acoustic 

2 transmission is produced by a speaker at said positioning device and 

3 received by a microphone at said seismic sensor. 

1 f^. A method as claimed in claim 62, in which said airborne acoustic 

2 transmission received by said microphone at said seismic sensor is 

3 converted from analog to digital format using an analog to digital 

4 converter that is also used to convert seismic signals received by said 

5 seismic sensor from analog to digital format. 

1 ^4. A method as claimed in claim 63, in which said airborne acoustic 

2 / ^ transmission received by said microphone at said seismic sensor is 

3 transmitted using a cable that is also used to transmit seismic data 

4 received by said seismic sensor. 

1 A method as claimed in claim 64, in which said airborne acoustic 

2 (^>) transmission is a spread spectrum acoustic signal. 

1 ^6. A method as claimed in claim 65, in which said airborne acoustic 

2 transmission is a pulse, frequency sweep, or digitally encoded sweep 

3 acoustic signal. 
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1 6/7 A method as claimed in claim 66, in which said airborne acoustic 

2 y$iJ transmission is generated by signal generation circuitry that is also used 

3 to test said seismic sensor. 

1 ^ me ^ 1 ° ( ^ as c ' a i ,ne ^ i* 1 67, further including the step of measuring 

2 ( the temperature of the air near said seismic sensor or said positioning 

3 device. 

1 A method as claimed in claim 68, in which said positioning device is 

2 \^ir placed near a survey flag. 

1 ^6. A method as claimed in claim 69, in which said positioning device is a 

2 /r\\ ^ rst P os *^ on ^ n § device and further including the step of determining the 

3 \J2y distance between a second positioning device and said seismic sensor 

4 using an airborne acoustic transmission between said second positioning 

5 device and said seismic sensor. 

1 A method as claimed in claim 70, further including the step of 

2 / /^\) determining the distance between said first positioning device and said 

3 second positioning device. 

1 y \ ^ me * 0<i ™ c * a * rnec * * n c ' a * m 71, in which said step of determining the 

2 / O&j distance between said first positioning device and said second 

3 positioning device uses an airborne acoustic transmission between said 

4 first positioning device and said second positioning device. 

1 /4* ~\ A met ^ 0( ^ ^ c ' a ™ e< J in claim 72, in which said first positioning device 

2 \^t) anc * second positioning device are connected by a cable. 
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A method as claimed in claim 73, in which said second positioning 
device is placed at a predetermined azimuthal orientation with respect to 
said first positioning device. 

A method as claimed in claim 74, further including the step of 
confirming that said second positioning device has been placed at a 
predetermined azimuthal orientation with respect to said first positioning 
device. 

A method as claimed in claim 75, in which a seismic source signal is 
used to determine to resolve the line symmetry ambiguity when 
determining the position of said seismic sensor with respect to said first 
positioning device and said second positioning device. 

A method as claimed in claim 75, wherein said seismic sensor is a first 
seismic sensor and further including additional seismic sensors and the 
step of determining the distance between said additional seismic sensors 
and said positioning device using airborne acoustic transmissions 
between said positioning device and said additional seismic sensors. 

A method as claimed in claim 77, further including the step of 
calculating a group center of gravity for said first seismic sensor and said 
additional seismic sensors. 

A method as claimed in claim 77, further including the step of 
determining whether said first seismic sensor and said additional seismic 
sensors have been laid out in a prescribed order. 
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1 ^4. A method as claimed in claim 79, in which said seismic sensor and said 

2 positioning device are located at a first seismic station and farther 

3 including an additional positioning device located at a second seismic 

4 v&) station the step of determining the distance between a device located 

5 V at said first seismic station and a device located at said second seismic 

6 station. 

1 . A method as claimed in claim 80, further including the steps of recording 

2 AH ) Seismic data ac< l uired b y said seismic sensor and assigning sensor 

3 position coordinates to said seismic data based on said distance between 

4 said seismic sensor and said positioning device. 

1 A method ^ claimed in c,aim 81^aff^*mcluding the step of 

2 r v^V/ calculating a deviation between actual seismic sensor position 

3 coordinates and planned seismic sensor position coordinates. 

1 A method as claimed in claim 82, further including the step of 

2 /w ) com P ensatin g for said deviation between said actual seismic sensor 

3 position coordinates and said planned seismic sensor position 

4 coordinates. 

1 f^ % --, A method as claimed in claim 83, in which said compensation step 

2 j includes mathe Hiatically moving a group center of gravity from an actual 

3 position to a planned position. 

1 ^ A method as claimed in claim 84, in which said compensation step 

2 f$*\ inc,udes bypassing a digital ground roll removal process. 
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